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THE SABLE VAEIETIES OF MICE 

DE. L. C. DUNN 
Busset Institution, Haevabd University 

The variations in darkness of certain forms of fancy 
mice have called forth different interpretations from the 
various investigators who have studied them. The pres- 
ent report is intended as a contribution of experimental 
data, treating these differences as graded variations. 

The varieties of mice most commonly exhibiting dif- 
ferences in darkness comprise those races known as 
sables. Such mice are distinguished by a yellow belly 
and a back of some shade of black or brown with which 
yellow may or may not be mixed. They were first re- 
ported by Bateson in 1903 but Miss Durham (1911) was 
the first to breed them experimentally and to catalog the 
variations within the sable race. Little (1913) classed 
sables as yellows with varying amounts of dark pigment 
in the hairs on their dorsal and lateral surf aces. Dunn 
(1916) offered the explanation that all sable varieties dif- 
fered from ordinary yellow by a factor or factors deter- 
mining the quantitative increase of dark pigments, so 
that sables formed a continuous series of increasing dark 
dorsal pigmentation from clear yellow to black-and-tan 
in which the back was intense black while the yellow pig- 
mentation was exhibited only on the belly. Onslow (1917) 
was "led to look upon sable as a pattern factor which 
could give a yellow belly to a mouse of any color," but he 
did not publish the experimental evidence upon which 
his conclusions were based. He criticized Dunn for 
further involving the nomenclature of the sables through 
the use of the names "black-and-tan," "brown and tan," 
"black sables," and "brown sables," to designate the 
members of the sable series. 

The use of the above term is, I believe, justified because 
black-and-tan is recognized by the English fanciers as dis- 
tinctly different from ordinary sable, and because none 
of the- sables described by Miss Durham behaved as did 
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the mice used in my experiments. Miss Durham de- 
scribed "black, blue, chocolate and silver fawn mice which 
differ only from the ordinary forms by having yellow 
bellies," but they subsequently always moulted into ordi- 
nary sables which have a "dark black or brown streak 
down the middle of the dorsal region while the rest of the 
mouse is yellow." Black-and-tan however does not moult 
to ordinary sable. Even at the age of twenty months 
black-and-tan is entirely black except for the yellow belly 
and yellow ticking on flanks and muzzle. Since these 
mice were different from ordinary sables, they were 
given a name to indicate the difference. Moreover when 
they were crossed with various non-black-and-tan varie- 
ties there were produced in the second generation mice 
resembling the black-and-tan parent, others intermediate 
between black-and-tan and yellow, and conforming to 
Miss Durham's description of sable. The latter were 
called black sable or brown sable to indicate the color of 
their non-yellow pigment. I am in sympathy with On- 
slow's desire to prevent a duplication of terms but I be- 
lieve that the names employed are required by the pres- 
ence of types which differ both genetically and somat- 
ically. 

Sooty yellows may likewise be included in the sable 
series since these mice appear when black-and-tans or 
sables are crossed with non-sable varieties. Sooties can 
not be distinguished simply as yellows which are hetero- 
zygous for black, for yellow mice which carry black may 
show no trace of sootiness. Factors additional to the 
black gamete are involved in the production of sooties 
and these factors are present not only in the sooties but 
in the blacks which they produce. Little (1916) used 
blacks derived from sooties in crosses with wild agouti 
and obtained agoutis which were much darker dorsally 
than any wild agoutis. I have obtained similar results 
from such crosses. Certain blacks with which yellows 
have been crossed to produce sooties evidently carry 
some of the factors for darkness which appear in greater 
concentration in sables and black-and-tan as well as in 
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the blacks derived from these varieties. Sooty, then, ap- 
pears to be a lower stage of sable in the more complete 
restriction of non-yellow pigments from the hair. 

In addition to the varieties treated above it is neces- 
sary to speak of light bellied mice which can not be in- 
cluded in the sable series. I refer to the light-bellied 
agouti variants reported by Cuenot and Morgan. These 
variations have been shown to belong to a series of mul- 
tiple allelomorphs in which the other members are ordi- 
nary agouti, yellow, and non-agouti. The light-bellied 
agouti also arose spontaneously in Little's 1916 crosses 
between gray-bellied agouti and dilute brown. Such 
light-bellied agoutis bred true and when crossed with a 
non-agouti variety they produced in F 2 only light-bellied 
agoutis and normal non-agoutis. This result contrasts 
strongly with the result of a cross of black-and-tan with 
wild agouti which produces only sables and gray-bellied 
agoutis in F 1; while in F 2 there result yellows, sooties, 
sables, black-and-tans, agoutis and darkened agoutis. 
The difference is readily seen to be due to the yellow 
gamete of the sable series. 

To explain the results of the genetic behavior of sables 
one is led to review the origin of the varieties concerned. 
The wild house mouse is undoubtedly the ancestral type 
from which all varieties of fancy mice have descended. 
Its pelage contains the three fundamental pigments of 
mice: yellow, black and brown, formed in the mosaic 
known as the agouti pattern by the presence of a specific 
gene "A." Each pigment is likewise determined by a 
gene, Y for yellow, B for black, b for brown (absence of 
black) and by loss of one or more of these genes, or by the 
gain of other genes determining the distribution of the 
pigments present, the whole array of fancy varieties has 
resulted. 

Yellow was shown by Cuenot to be due to a change in 
the gene "A," resulting in the presence of a restrictive 
factor which limits the distribution and amount of black 
and brown pigment, the eyes alone being dark pigmented 
while black or brown pigments are present in the hair and 
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skin in such small amounts as to leave the pelage clear 
yellow. All three fundamental pigments are present in 
yellow and it is essentially an agouti in which the dark 
pigments are quantitatively restricted and reduced. 
This gene acts as the dominant allelomorph of agouti, 
light-bellied agouti, and non-agouti. Black mice, on the 
other hand, represent no quantitative reduction in amount 
of pigment but only the absence of the genes for yellow 
and agouti. The sables contain a gene allelomorphic to 
agouti and non-agouti. The evidence shows that this 
gene is common to yellow, sooty, sable and black-and-tan 
mice. This gene is a lethal. When it is present in both 
gametes uniting to form a zygote it causes the death of 
the zygote. This lethal gene (yellow) might conceivably 
assume several forms and cause the differences noted 
among the sable varieties. If such were the case, yellow 
and sable varieties would be members of a series of mul- 
tiple allelomorphs of a single gene. Such series have 
been demonstrated in the gene for white eye in Droso- 
phila by Morgan and his co-workers ; in the color gene va 
the guinea pig by Wright (1915) ; and in the agouti gene 
in the mouse itself as quoted previously. But if the 
black-and-tan mouse or a sooty were due simply to a dif- 
ferent form of the yellow gene the difference of their 
black recessives from ordinary blacks would still remain 
to be explained. Moreover yellow and the members of 
the sable series are more closely related to each other 
than as mere members of a multiple allelomorphic series. 
They do contain an identical gene, and unlike multiple 
allelomorphs can be changed one into the other more or 
less completely. Their difference rather inheres in their 
possession of modifying genes determining the quantita- 
tive increase of black or brown pigments not only in con- 
nection with the yellow gene itself but in connection with 
the genes for black, brown and agouti. 

Such modifying genes can not be merely changes in a 
distributive gene such as agouti or the gene for restric- 
tion which causes yellow, for their presence has been 
demonstrated in non-agouti, non-yellow animals. They 
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must rather be related to the formative genes for black 
and brown pigment, so that the number of black and 
brown pigment granules is increased in proportion to the 
number of modifying genes present. I have examined 
microscopically hairs from the mid-dorsal region of a 
black-sable mouse which was intermediate in color be- 
tween black-and-tan and yellow, from pure black-and-tan 
and from clear yellow mice of the same age. The cause 
of the difference among the hair colors of these three 
forms was clearly the varying number of black pigment 
granules. In the yellow hair the dark granules were ex- 
tremely rare and poorly defined, appearing in many cases 
as partially mixed with the diffuse yellow ground color. 
In the sable hair the black granules were more numerous, 
occurring singly in the distal third of the shaft, while in 
the proximal two thirds the concentration was greater. 
Here the granules were large, one granule usually ex- 
tending across the medullary space. In some cases two 
granules appeared side by side, and in rare instances I 
noted rows of three across the hair. In the hairs from 
the black-and-tan the concentration of granules was three 
to ten times as great as in the sable hair; the whole shaft 
was filled with closely packed small black granules. One 
row was rare; two was common; the rule was three or 
four rows, while I sometimes found rows of six small 
granules packed closely into the width of the hair. 

If, as I have stated, there exist in mice genes determin- 
ing the quantitative increase of dark pigments, it should 
be possible by experiment to test their existence and to 
determine whether they are Mendelian in behavior or not 
and whether they are simple or multiple. The data which 
follows is submitted as a test of the above questions. 

According to the provisional hypothesis, black-and-tan 
being the darkest member of the series should genetically 
contain the greatest number of modifying genes. The 
presence of such genes should become apparent if black- 
and-tan were crossed with a race containing the dark pig- 
ments but lacking entirely any of the modifying genes. 
These conditions were satisfied only by pure wild house 
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mice, caught at a distance to insure against any contami- 
nation from crossing with fancy varieties. These wild 
mice were regarded as lacking the darkeners ; black-and- 
tan as containing the maximum concentration of dark- 
eners; and after some preliminary experimentation it 
was decided that si: less could be distin- 

guished of which ih 'ded as grade 1 and 

black-and-tan as gra not represent all the 

grades that actually s variation from one 

to six was practicany uuuimuuus but such arbitrary 
points had to be fixed for convenience in observation and 
record. These grades were standardized by means of 
type skins for each grade with which each mouse was 
compared at the age of three weeks and at later intervals 
throughout life. 

The results of crossing black-and-tan with wild agouti 
are seen in Table I and Fig. 1. The first generation con- 
sisted of two classes of young, darkened yellows and dark- 
ened agoutis. The mode of the F x yellows was at grade 3, 
and their mean grade was 3.3 both practically midway be- 
tween the parent grades. The mode of the F t agoutis 
was at 2 and their mean grade was 2.8 showing that al- 
though they represented a blend between the parental 
types the agouti pattern affords a less favorable back- 
ground for the development of darkness than does yellow. 

Two F 2 generations were raised, one by inbreeding the 
Fj yellows, the other by inbreeding the F x agoutis. The 
distribution of F 2 yellows shows the increased variability 
which we have come to expect from such blending char- 
acters as size and other quantitative measurements. Evi- 
dence of segregation of parental characters appears from 
the presence of a large number of grade 1 (yellows) and 
the separation of this class from the other large class 
(grades 3 and 4) by a small class (grade 2). Segregation 
of darkness may also be inferred from the large class at 
grade 5 which contained relatively few individuals in F x . 
The mean grade of F 2 is 3.0 indicating that the average 
darkness has not changed while the distribution has 
changed considerably. The same is true in a lesser de- 
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gree of the F x agoutis resulting from the inbred P x yel- 
lows and of the progeny of the inbred F a agoutis. In the 
latter class strong evidence of the segregation of the un- 
darkened wild is apparent from the large size of grade 1 
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(wild). The average grade of these F 2 agoutis is 2.2, 
slightly lower than the F x grade while two new grades 
have been added to the distribution, grade 1 (wild) and 
grade 5 (very dark agouti). A few back crosses were 
made of F 1 agoutis with wild, and of Fj yellows with wild. 
These showed likewise segregation of undarkened yel- 
lows and undarkened agoutis and lower mean grades than 
F-i — 2.5 for yellows and 1.5 for agoutis. 

The results thus far had established the presence of a 
factor or factors for darkness, the formation of inter- 
mediates in F x when crossed with animals lacking it, and 
the incomplete segregation of parental types in F 2 . They 
had not answered our questions regarding Mendelian be- 
havior or number of factors involved. This failure may 
have been due to incorrect observation, to the failure of 
the grading scale to distinguish between the types pro- 
duced or to the actual non-appearance of the types ex- 
pected. By constant application and regrading it was 
believed that the error from the first two reasons was low. 
To consider the third, one must recall what is known of 
the origin of the black-and-tan variety. It has been for 
some years a standard breed of the English fancy, built 
. up probably through the constant selection by breeders 
of the points it now possesses — clear yellow belly and 
intensely black back with a sheen not duplicated in any 
other variety or in the hybrids of black-and-tans with 
other varieties. Since the variety breeds quite true these 
points must be heritable, and one can hardly expect to ex- 
tract the pure type of black-and-tan from a cross with 
wild without practising upon the segregates a selection 
similar to that which perfected the variety. This involves 
the supposition that the factors causing the darkness of 
the black-and-tan are very numerous and extremely small 
in individual effect. 

The F 2 darkened agoutis were chosen as the starting 
point of a selection for darkness which lasted through 
several generations. These agoutis were easier to grade 
because they were non-yellow; their litters were larger 
for the same reason, and it was also desired to know 
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whether the fact that black-and-tans were always hetero- 
zygous for black was a cause of their darkness. The re- 
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suits of mating together dark agoutis of various grades 
is shown in Table II and Fig. 2. 

The table shows plainly that the variation in darkness 
is practically continuous. Animals of grade 1 proved to 
be pure wild segregates entirely lacking the darkeners. 
Grades 2, 3 and 4 contained the darkener but never pro- 
duced by recombination any animals darker than their 
own grade. Grades 5, 5.5 and 6 produced grades both 
darker and lighter than their own, proving them to be 
heterozygous in the modifiers. None of these darkest 
grades proved to be pure dark segregates. Even grade 6 
which was entirely black with a gray belly and quite com- 
parable in darkness to black-and-tan produced animals of 
grade 1 (light segregates) when crossed with wild agouti. 
These grade 1 agoutis were tested and found to lack any 
modifiers for darkness. Therefore grade 6 in darkness 
was not homozygous as regards the darkening modifiers. 

The supposition that the darkness of the dark agoutis 
might be due simply to their being heterozygous for black 
was disposed of by the results of the dark agouti crosses, 
for of eighteen F 2 dark agoutis thoroughly tested, twelve 
were heterozygous for black and six were homozygous 
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agoutis. In subsequent generations selection was in the 
direction of darkness. That this was not accompanied by 
selection of heterozygotes is shown by the figures for dark 
agoutis of F s , F 4 and F 5 which were tested. In genera- 
tions F 3 and F 4 there were twenty agoutis heterozygous 
for black to 8 homozygous agoutis ; in F 5 four heterozy- 
gotes to three homozygotes, and the homozygotes corn- 
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prised some of the darkest mice produced. Another ex- 
planation for the darkness of the agoutis must be invoked 
and the data indicate that the only alternative is the ac- 
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quisition by the dark agoutis of the peculiar and puzzling 
darkness from the black-and-tan race. 1 

Up to his point the data has involved crosses of dark- 
ness with its absence — and crosses of dark animals of 
various grades inter se. Multiple factors appear to be 
involved and yet no evidence of Mendelian behavior has 
been adduced except the segregation of lack of darkness 
without accompanying segregation of darkness. 

Many additional crosses have been made in which the 
darkeners from the sable series have been transferred 
into other varieties with results similar to those outlined 
above. The most extensive of these secondary exper- 
iments involved crosses of black-and-tan with brown 
(chocolate) mice to test the black-and-tan (yellow) gamete 
and to separate if possible the darkening modifiers (see 
Table III and Fig. 3). This cross brought about the 
union in the first generation of gametes with full dark- 
ness (black-and-tan) with a uniform set of gametes from 
the brown race all of which supposedly lacked the dark- 
ener. The first generation from this cross showed, as 
was expected, the dominance of black, all young being 
black pigmented. Approximately one half were self black 
which on being tested proved to be heterozygous for 
brown. The other half were a lightened black-and-tan 
(Table III, cross 23) with some variation but none were 
as black as pure black-and-tan. The number of dark pig- 
ment granules in the dorsal hairs was reduced and the 
yellow pigment substratum was thereby allowed to show 
at bases and tips of hairs especially in the older animals. 
From these light black-and-tans was bred an F 2 genera- 
tion (cross 26) consisting of mice with black pigment and 

i Morgan in 1914 reported the appearance in his experiments of mice to 
which he gave the name "new gray," which were noted first in the off- 
spring of a pair of cinnamon mice. They "looked like chocolates, but 
. . . showed on later inspection distinctly ticked hair. One of these new 
grays bred to black (heterozygous) gave some chocolates, black, new grays, 
and one very dark, almost black, mouse." The above descriptions apply 
quite accurately to cinnamon and agouti mice which I have raised from 
crosses with one of the sable series and I have little doubt that the dark- 
ness of Morgan's new grays was derived originally from some mouse carry- 
ing the ' ' darkener. ' ' 
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mice -with brown pigment in approximately the ratio 3 : 1. 
Of the blacks about one third were self black; the others 
were yellows, sooties and black sables with varying 
amounts of black in the fur, much like the F 2 array in the 

TABLE III 
Crosses op Black-and-Tan with Brown 



6 


Parents 


Yellow and Black Young 


Yellow and Brown Young 


'A 
m 
o 

U 




1 


2 


3 


4 


5 


5.5 


6 


$ 

3 


a 


o 

H 


1 


2 


3 


4 


5 


6 


s 


is 

O 

pq 


o 


23 

24 
25 
26 
27 


F1BTXF1BT 

FiBTX brown 

BTX Br. and tan 6 
FiBTXFiBTfrom 


2 

5 


1 
3 


2 
11 


4 
3 
2 
1 

1 


17 

12 

4 

1 

2 


6 

26 
2 


5 


14 

2 

17 


4.96 
5.15 
3.00 

5.74 


19 

26 

30 

3 

7 


46 

86 

57 

7 

32 




9 


2 
2 


1 

7 


1 



8 

10 

3 


10 
3 


5.05 
3.00 


12 
26 

5 


34 

54 

11 



black-and-tan X wild agouti cross. In this F 2 distribution 
were seen, besides all grades of intermediates, segregates 
of both sorts, viz., yellows of grade 1 and black-and-tans 
of grade 6, although the latter did not retain their dark- 
ness throughout life and when bred proved not to be pure 
segregates. The F 2 mice with brown pigment were sim- 
ilarly divided into yellows and brown sables with varying 
amounts of brown in the fur and self brown in the ratio 
2:1. Of the yellow-browns some were evidently counter- 
parts of black-and-tan with the black pigment replaced by 
brown. To these the name brown-and-tan was given; 
the other yellow-browns paralleled the yellow-black series 
although the lower and intermediate grades were less well 
represented, due perhaps to the difficulty of distinguish- 
ing between yellows with considerable brown pigment and 
yellows with smaller amounts of black pigment. Breed- 
ing tests were used in doubtful cases. 

The Fjl light black-and-tans, when backcrossed to 
browns (Table III, cross 24), gave equal numbers of all 
four sorts, viz., yellow-blacks, self blacks, yellow-browns 
and self browns. The mode of these yellow-blacks was in 
the middle class (grade 3) in contrast with the. mode at 
5.5 in the straight F 2 . . 

These crosses of black-and-tan with brown show the in- 
dependence of the darkeners from black pigment for in 
these experiments the modifiers have been detached from 
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the black pigment on which they operate in the pure 
black-and-tan and transferred to brown pigmented yel- 
lows where their action is similar. Their independence 
of yellow was illustrated by their action on agouti mice. 
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The intermediate nature of Fj in the black-and-tan X 
brown cross and subsequent segregation of dark and un- 
darkened forms is not as clear as in the agouti crosses, 
for it is probable that the brown parent contributed fac- 
tors comparable to the darkeners which have acted to 
make both F 1 and F 2 darker than if the darkening factors 
had come only from the black-and-tan parent. The 
browns used were derived from a yellow variety known 
as red. Both the reds and their brown recessives are 
more intensely colored than any other yellows or browns, 
and in fact have given evidence in later experiments of 
differing from ordinary varieties by intensity factors 
similar to the darkening factors of black-and-tan. 
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The results throughout indicate that we are dealing 
here with genetic factors similar to those which have pro- 
duced such quantitative differences as size in the races of 
rabbits studied by Punnett. The results obtained from 
crossing large and small races of rabbits agree in the pro- 
duction in F x of animals genetically intermediate between 
the parent races, and in the evidence of subsequent segre- 
gation of the smaller size without segregation of the 
larger. The same phenomenon appears in the present 
study for light segregates have appeared but never the 
dark. Placing the causes of darkness in mice in the same 
category with the causes of size differences, which have 
not yet been made clear, is an admission of the unsuitable- 
ness of the material rather than of the insoluble nature 
of the problem. Either the best material for the investi- 
gation of such grade variations has not yet been found or 
else the technique of observation and measurement of 
such genetic differences as distinguished from non-her- 
itable differences has not yet been evolved. The correct 
interpretation of such differences must await an investi- 
gation combining an optimum of material and method. 
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